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TOP QUARK PAIR PRODUCTION AT THE TEVATRON aJason Nielsen(on behalf of the CDF and D� ollaborations)Physis DivisionErnest Orlando Lawrene Berkeley National LaboratoryOne Cylotron Road, Berkeley, CA 94720 U.S.A.

The measurement of the top quark pair prodution ross setion in proton-antiproton ollisionsat ps = 1:96 TeV is a test of quantum hromodynamis and ould potentially be sensitive tonew physis beyond the standard model. I report on the latest t�t ross setion results fromthe CDF and D� experiments in various �nal state topologies whih arise from deays of topquark pairs.1 Introdution to top quark prodution and deayThe physis of the top quark, the heaviest known fundamental partile, o�ers a new testingground for the standard model, inluding quantum hromodynamis (QCD), as well as a newfrontier for unexpeted physis beyond the standard model. The top quark prodution mea-surements by the CDF and D� experiments on the Tevatron ollider at Fermilab are the �rststep towards exploiting this promising physis setor.Top quark pair prodution in p�p ollisions at ps = 1:96TeV proeeds predominantly throughthe quark-antiquark annihilation (85%) and gluon fusion (15%) diagrams. The most reent QCDalulations of the ross setion yield 6:7+0:9�0:7 pb for a 175GeV=2 top quark mass 1;2. Eah topquark deays immediately to a W boson and b quark, and the deays of the W bosons to quarksor leptons de�ne the event signature of the top quark in the following three di�erent �nal states:aContribution to the Proeedings of the 40th Renontres de Moriond: QCD and Hadroni Interations, LaThuile, Italy, Mar. 12-19, 2005.



dilepton, with 2 leptons and 2 jets; lepton plus jets, with 1 lepton and 4 jets; and all-jets, with 0leptons and 6 jets. In eah �nal state, 2 of the jets are b jets whih an be tagged using heavy-avor tagging algorithms based on identifying semileptoni b deays or traks from b deayswhih do not originate from the primary event vertex.2 Results from CDF and D� experiments at the TevatronBoth the CDF and D� ollaborations are pursuing measurements in all 3 �nal states using avariety of tehniques. One hallenge inherent in all measurements is the determination of thedata sample omposition. Knowledge of the sample omposition is also important for futurestudies of top quark properties. The results presented here use olleted data whih representintegrated luminosities of 150� 200 pb�1. All of the results estimate the number of t�t events inthe data sample and use the t�t signal aeptane, determined using detailed detetor simulation,to alulate a ross setion.2.1 Final states with two leptons plus jetsThe dilepton sample is a small (5% branhing fration for e=� analyses) but lean samplewith bakgrounds from Drell-Yan prodution and fake leptons. Analyses fous either on tightrequirements to selet an extremely lean sample (b-tagged e + � hannel) or loosened leptonidenti�ation (lepton + isolated trak hannel) in order to redue statistial unertainty 3.2.2 Final states with one lepton plus jetsThe lepton + jets signature bene�ts from high lepton trigger eÆieny ombined with largebranhing fration (30% for e=� plus jets). The dominant non-top bakgrounds in the sampleare W+jets prodution and non-W QCD events, but these bakgrounds an be estimated by�tting kinemati distributions, e.g., the total transverse energy (HT ) in seleted events 4. Sinethe t�t signal is expeted to have 4 jets, a sample of events with lepton plus 2 jets is used as aontrol region for bakground heks.The W+jets and non-W QCD bakgrounds an be redued by requiring at least one jet inthe event be b-tagged, as expeted from t!Wb deay. Even though the b-tagging requirementis only 50% eÆient for t�t events, approximately 98% of W+light avor events are rejeted. Theremaining ontribution due to W+heavy avor prodution is estimated by alulating the heavyavor fration in W+jets events and applying this fration to the observed data sample 5;6.2.3 All-jet �nal stateThe all-jets signature presents a hallenge for triggering; one approah is to trigger on the totalevent energy and the number of high-ET jets. Beause of the large branhing fration (44% oft�t events do not have leptoni W deays), this hannel has the largest number of t�t events.The overwhelming bakground of QCD jet prodution is estimated in one of two ways. Anarti�ial neural network an be employed to disriminate t�t events from bakground based onkinemati variables whih are most sensitive to high-mass objets like top quarks. These inludetotal transverse energy, dijet masses and top quark masses. Alternatively, a tag rate matrix anbe onstruted from the ontrol sample of 4-jet events (where there is no signal expeted) andapplied to the 6-jet sample.



Number of Jets

0 2 4 6

N
u

m
b

er
 o

f 
E

ve
n

ts

0

2

4

6

8

10

12

14

16

Number of Jets

0 2 4 6

N
u

m
b

er
 o

f 
E

ve
n

ts

0

2

4

6

8

10

12

14

16
tt

-W+W
Fakes

*γZ/
Data

neural net discriminant
0.2 0.4 0.6 0.8 1

ev
en

ts
 / 

0.
05

10

10
2

10
3

neural net discriminant
0.2 0.4 0.6 0.8 1

ev
en

ts
 / 

0.
05

10

10
2

10
3

Neural Network 2 output
  RunII preliminaryOD

-1
integrated luminosity: 162 pb

 re-normalized background 

 vertex tagged data

 contributiont expected t

Number of jets in W+jets
1 2 3 4

N
u

m
b

er
 o

f 
ta

g
g

ed
 e

ve
n

ts

0

20

40

60

80

100

120

140

160

Number of jets in W+jets
1 2 3 4

N
u

m
b

er
 o

f 
ta

g
g

ed
 e

ve
n

ts

0

20

40

60

80

100

120

140

160 mistags
Wbb
Wcc
non-W
Wc

ττ→WW,WZ,Z
Single top

σ 1±Tot bkgd 
)-1Data (162 pb

CDF II preliminary

≥

 3 jets≥ > 200 for Trequire H

0

20

60

e
v
e
n

ts

40

80

0 100 200 300 400 500 600

HT  (GeV)

top

W+jets
other EW

fW

CDF Preliminary (195 pb-1)

Njet ≥ 3

σtt (pb)

QCD

0.7

0.8

0.9

1.0

4 6 82

Figure 1: Top pair prodution ross setion results from D� dilepton jet-ounting analysis (top left), D� all-jetsarti�ial neural network analysis (top right), CDF jet-ounting lepton plus jets analysis (bottom left), and CDFHT -�tting lepton plus jets analysis (bottom right).
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Figure 2: Summary of top pair prodution experimental results from CDF (left) and D� (right) experiments.The blue band on both plots represents the NLO QCD theory alulation for a 175GeV=2 top mass.3 Summary of pair prodution ross setion resultsThe summary of all results from CDF and D� are displayed in Fig. 2. All of the measurementsare onsistent with eah other and with the theory alulation, at least within the quotederrors. Seleted experimental results at ps = 1:8GeV and 1:96GeV are ompared to thetheory alulation at those two enter-of-mass energies in Fig. 3. It is reasonable to expet thatadditional olleted data and further understanding of the sample omposition will redue theunertainties on all of these measurements.AknowledgmentsIt is a pleasure to thank the organizers for fostering the stimulating atmosphere of the onferene.I must also aknowledge my CDF and D� olleagues for their help in preparing these results.This work was supported by the Diretor, OÆe of Siene, OÆe of Basi Energy Sienes,of the U.S. Department of Energy under Contrat No. DE-AC03-76SF00098.Referenes1. M. Caiari et al., JHEP 404, 68 (2004).2. N. Kidonakis and R. Vogt, Phys. Rev. D 68, 114014 (2003).3. D. Aosta et al. (CDF ollaboration), Phys. Rev. Lett. 93, 142001 (2004).4. V.M. Abazov et al. (D� ollaboration), \Measurement of t�t ross setion using l+jetskinemati harateristis," hep-ex/0504043, submitted to Phys. Rev. Lett.5. D. Aosta et al. (CDF ollaboration), Phys. Rev. D 71, 052003 (2005).
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Figure 3: Comparison of seleted results with NLO QCD alulations as a funtion of enter-of-mass energy.6. V.M. Abazov et al. (D� ollaboration), \Measurement of t�t ross setion using l+jetsevents with lifetime b-tagging," hep-ex/0504058, submitted to Phys. Rev. Lett.


